In mammalian cells, widespread acceleration of cytoplasmic mRNA degradation is linked to 17 impaired RNA polymerase II (Pol II) transcription. This mRNA decay-induced transcriptional 18 repression occurs during infection with gammaherpesviruses including Kaposi's sarcoma-19 associated herpesvirus (KSHV) and murine gammaherpesvirus 68 (MHV68), which encode an 20 mRNA endonuclease that initiates widespread RNA decay. Here, we show that MHV68-induced 21 mRNA decay leads to a genome-wide reduction of Pol II occupancy at mammalian promoters, 22 which requires the cellular 5'-3' exonuclease Xrn1. Viral genes, despite the fact that they require 23
Introduction 31
Regulating messenger RNA (mRNA) abundance is of central importance during both 32 cellular homeostasis and disease. While it is intuitive that transcriptional changes in the nucleus 33 impact RNA levels in the cytoplasm, evidence in both yeast and mammalian cells now indicates 34 that the converse is also true: altered cytoplasmic mRNA decay rates can broadly impact 35 transcription by RNA polymerase II (Pol II). In yeast, stabilizing the cytoplasmic mRNA pool by 36 removing mRNA decay factors such as Xrn1 causes a compensatory decrease in Pol II 37 transcription (Sun et mRNA specific endoribonucleases and/or activating host nucleases. This decay contributes to 46 the transcription start sites (TSS) were plotted as a histogram ( Fig 1C, Supp Fig 1B) . The 109 variability between replicates in R443I recovery is likely due to differences in the extent of host 110 shutoff reduction between replicates (Supp Figure 1C) . 111
To assess the stage of transcription impacted by RNA decay, we compared the amount of 112
Pol II in promoter regions (-50 to +200) and the amount of Pol II in gene bodies (+200 to +5000) 113 between mock and infected samples. Consistent with the above analyses, MHV68 infected cells 114 contained markedly less promoter proximal Pol II than uninfected cells, and this signal was 115 partially recovered in the R443I infection (Fig 1D) . Genes with impaired Pol II promoter binding 116 during MHV68 infection also had less Pol II within the gene body compared to mock infected 117 cells, which again was not observed during R443I infection (Fig 1D) . Notably, the difference in 118 regression line slopes between MHV68 and mock infected cells was clearly more marked when 119 comparing Pol II promoter occupancy than gene body occupancy, suggesting that the primary 120 transcriptional defect is at the stage of initiation. This is consistent with data from previous 121 studies that found no defect in serine 2 phosphorylation of elongating Pol II and no consistent 122 change to Pol II elongation during MHV68 infection ; Gilbertson et al. 123 
2018.). 124
Finally, to assess if RNA decay affected transcription termination, we binned sequencing 125 reads between 1kb upstream and 1kb downstream of the transcription termination site (TTS) (Fig  126   1E, Supp Fig 1D) . TTS-proximal Pol II shows no defect in termination in either infection 127 condition, suggesting Pol II removal from host transcripts is not impacted by MHV68 infection 128 or by RNA decay. 129
130

Pol II Loss is dependent on Xrn1 131
Our previous work implicated the catalytic activity of the host 5'-3' exoribonuclease 132
Xrn1 as necessary for the RNA-decay dependent loss of Pol II at several individual host genes 133 . To determine the extent to which mRNA decay-induced Pol II 134 repression is dependent on Xrn1, we measured Pol II occupancy by ChIPseq in mock and 135 MHV68 infected cells upon depletion of Xrn1 using siRNA (Fig 2A) . Remarkably, knockdown 136 of Xrn1 resulted in a near complete recovery of Pol II promoter occupancy in MC57G cells 137 infected with WT MHV68 (Fig 2B, Supp Fig 2A) . We validated these findings using 138 independent biological replicates at Rplp0 and Fus by ChIP qPCR (Fig 2C) . On a gene-by-gene 139 basis, we observed similar levels of Pol II at promoters in mock and infected cells depleted of 140 Xrn1 ( Fig 2D, Supp Fig 2B) . Fig 2E shows representative Pol II occupancy of Srsf2 during 141 knockdown conditions. Similarly, comparing the amount of Pol II in gene bodies and at TTS of 142
Xrn1-depleted cells (as described in Fig 1) showed little difference between mock and MHV68 143 infected conditions ( Figs 2F, 2G, Supp Fig 2C) . Together, these data highlight the essentiality of 144 with a slightly higher signal in the R443I infection (Fig 3A) . Indeed, there was a robust and 154 widespread Pol II signal in both infection conditions across the viral genome (Fig 3B) . Thus, 155 herpesviral genes appear to escape mRNA decay-induced transcriptional repression. 156
In contrast to host genes, we did not observe peaks of promoter-proximal Pol II on the 157 viral genome in our ChIPseq data (see Fig 3A, B) . Pol II ChIP qPCR across various regions of 158 ORF54 and ORF37 also showed a similar Pol II signal throughout each gene body and at their 159 promoter. We did note a decrease in signal near the TTS of ORF54, however this was true for 160 both WT and R443I infections (Fig 3C) (Fig. 4A, B, Supp Fig 3A) . promoters Gapdh and Rplp0, Pol II recruitment to both integrated viral promoters was repressed 197 upon induction of mRNA decay (Fig 5A, 5B) . Unlike alpha-and gammaherpesviruses, the betaherpesvirus CMV does not accelerate mRNA 213 decay. Furthermore, in either a plasmid context or when integrated into 293T cells, the CMV 214 promoter is strongly repressed during muSOX-induced mRNA decay (Fig 6A, B) . However, 215 placed in the context of the replicating MHV68 genome, the CMV-GFP promoter had a Pol II 216
ChIPseq signal during both MHV68 WT and R443I infection that was not markedly different 217 from several other representative viral genes (ORFs 4, 25, 48, 52, 72, M11) (Fig 6C) . 218
Finally, we evaluated whether lytically replicating viral DNA was necessary to confer 219 escape from transcriptional repression, or whether some other feature of the non-replicating viral 220 genome was important. To this end, we examined Pol II occupancy at promoters of several genes 221 expressed from the KSHV genome during latent infection in 293T cells, when the viral DNA is 222 maintained as an episome but not amplified in replication compartments. Latent infection does 223 not promote mRNA turnover, and thus we transfected muSOX into these cells to stimulate 224 mRNA turnover in the absence of lytic replication. Similar to the host genes Gapdh and Rplp0, 225
we observed an RNA decay-induced repression of Pol II occupancy at the latent viral promoter 226 LANA and the viral K1 promoter was repressed in 4 out of 5 experiments ( Fig 6D) . We also 227 observed repression of the human Ef1α promoter, which is present on the Bac16 KSHV viral 228 episome as a driver of the GFP reporter gene (Fig 6D) . In sum, these observations indicate that with 10 μg host-shutoff factor plasmid or vector control using PolyJet (SignaGen) 24h before 343 harvesting and again at 18h before harvesting. 344 Lentiviral transduction was carried out by spinfecting 1x10 6 293T or MC57G cells with 345 lentivirus made from 2 nd generation plasmids at a MOI <1 for 2h with 4ug/mL polybrene 346 (Fisher). Twenty-four hours later puromycin (1 μg/ml for 293T or 3 μg/ml for MC57G) was 347 added to select for transduced cells. 293T cells stably expressing the kLANA-puromycin 348 cassette were made by transfecting the cells with 1 μg pGL3-kLANA-puromycin using PolyJet, 349 then selecting with puromycin for random integration events. 350
For the CMV-luciferase promoter assay, populations of 293T cells expressing muSOX 351
were selected 24h post-transfection using the Miltenyi Biotec MACS cell separation system 352 according to the manufacturer's instructions as previously described (Gilbertson et al. 2018) . 
4SU labeling 361
Cells were incubated in suspension with 500 μM 4SU (Sigma T4509) in DMEM 362 supplemented with 10% FBS for 10 min then washed with PBS. RNA was extracted with TRIzol 363 followed by isopropanol purification. RNA (300 ug) was incubated in biotinylation buffer (50 364 mM HEPES [pH 7.5], 5 mM EDTA) and 5ug MTSEA-biotin (Biotium #90066), rotating at room 365 temperature in the dark for 30m. A no biotin control was made from an equal amount of total 366 RNA and incubated as above but without the addition of MTSEA-biotin. RNA was then 367 phenol:chloroform extracted and precipitated with isopropanol. The pellet was resuspended in 368 DEPC-treated water and mixed with 50 uL Dynabeads MyOne streptavidin C1 (Invitrogen) that 369 had been pre-washed twice with wash buffer (100 mM Tris [pH 7.5], 10 mM EDTA, 1 M NaCl, 370 0.1% Tween 20). Samples were rotated in the dark for 1hr at room temperature, then washed 371 twice with 65°C wash buffer and twice with room temperature wash buffer. Samples were eluted 372 twice with 100uL 5% Beta-mercaptoethanol (BME) in DEPC H 2 0 for 5m then RNA was 373 precipitated with isopropanol and quantified by RT-qPCR. 374
Viral mutagenesis, propagation and infections 375
The WT and R443I MHV68 bacterial artificial chromosome (BAC) were previously 376 1% NP-40, 1% Deoxycholic acid, 1 mM EDTA), and Tris-EDTA for 5 min each at 4°C with 438 rotation. DNA was eluted from the beads using 100 ul of elution buffer (150 mM NaCl, 50 ug/ml 439 Proteinase K) and incubated at 55°C for 2h, then 65°C for 12h. DNA was purified using a Zymo 440
Oligo Clean & Concentrator kit, and quantified by qPCR using primers to the promoter regions 441 of indicated genes for 50 cycles. qPCR was simultaneously performed on input chromatin and 442 normalized to input. 
